Rheological properties of food fluids are useful for quality control, texture evaluation, and food structure determination. The rheological behavior is dependent on the size, form and concentration of solids in suspension and the system structure. Star fruit (Averrhoa carambola L.) pulp was obtained from the crude fruit and treated enzymatically, pasteurized and homogenized at 11000 rpm for 2 min and 22000 rpm for 5 min. The pulp presented Newtonian characteristics with R 2 values greater than 0.98. Enzymatic treatment under 55˚C for 1 h reduced the crude pulp viscosity from 1.84 to 1.22 mPa·s. Pasteurization under 100˚C for 10 min increased the viscosity at around 26% in relation to the crude pulp, resulting in a turbid and homogeneous product. To evaluate the influence of the insoluble solids, filtration or concentration to 50% from the initial volume were carried out using laboratory procedures. Filtration of the pasteurized pulp promoted a viscosity decrease of 60% while concentration increased the viscosity from 2.28 to 7.98 mPa·s.
INTRODUCTION
Processing fruit products uses rheological characteristics not only for product quality control but also for dimensioning equipments, tube systems, heat exchangers, filters and pumps [1] . Results reported for mango pulp [2] , pineapple juice [1] , mango and pineapple pulps [3] , ternary mixtures of mango pulp, orange and carrot juices [4] showed that some components, such as insoluble suspended solids, have special influence on the rheological behavior.
The star fruit pulp is a suspension of 16.35 wt% solids in water. The liquid medium contains circa 8.9 wt% soluble solids [5] . It is expected that solid particles suspended in a liquid medium present an intermediate behavior between a solid and a pure liquid. The solid phase influences the rheology by the solid volumetric concentration, the form and size distribution of the particles and the attraction-repulsion forces [6] . The rheological behavior of a juice is strongly affected by physical and chemical properties [2] , depending on the fruit kind and the processing treatments, such as enzymatic treatment, pasteurization or concentration. Clarified and despectinized juices present Newtonian behavior, while pulps and concentrated juices do not follow the Newton viscosity law [3, 7] . According to Holdsworth [8] , the majority of the pulps and juices present a pseudoplastic behavior, the viscosity decreasing as shear rate increases.
The main factors affecting the viscosity in fluids with solids concentration less than 5 wt% are the volumetric solids fraction, medium characteristics and temperature [9] . As the solids proportion increases, the particles show strongest interactions, and the rheological behavior turns to Non-Newtonian, depending on the form, size and distribution of the particles, density, and type of interaction [10, 11] . The objective of this report is to study the rheological characteristics of the crude, pasteurized and homogenized star fruit pulp. Filtration and concentration were carried out in laboratory to evaluate the effect of the suspended solids on pulp viscosity. ascorbic acid solution. The pulp was extracted at a Brameitar extractor. Part of the crude pulp was frozen at -18˚C and used as a standard. The rest was treated with the enzymatic mixture Pectinex Ultra SP-L (Novozymes) under 1 mL L -1 and 50 -55˚C for 1 h and passed through a filter of 50 mm mesh. The pulp was packed in polypropylene bags, and pasteurized under 100˚C for 10 min. Samples of different processing steps were frozen for further analysis. Samples of the crude and pasteurized pulp were concentrated in a rotavapor under 70˚C until 50% of its initial volume. Filtration was performed in paper filter of 14 mm.
MATERIALS AND METHODS

OBTAINING THE STAR FRUIT PULP
ANALYSIS
The soluble and insoluble solids content was measured according to A.O.A.C. [12] . The tests were repeated 3 times. Optical microscopy was carried out in an Olympus BX40 Microscope to estimate the particle diameter. Rheological measurements were carried out at 25˚C in a rotational viscometer Thermo Haake VT 550, using concen- mental data and statistical parameters were found (Tab. 1). All models fit well to experimental data, with determination coefficient values higher than 0.97. For Newton and Bingham behaviors, viscosities are very close to that experimentally determined, and the yield stress is negligible considering the instability at the region near to zero shear strain. Statistic tests showed yield stress as a non-significant parameter in several other cases studied in this paper. More complex models such as Power Law and BinghamPower Law models, with consistency index, K, and rheological behavior index, n, do not fit better as shown by R values. Similar results were found for other situations studied, and a Newtonian behavior was considered satisfactory to describe the results. The viscosity was practically constant for shear rate values higher than 200 s -1 , and for the case in Figure 2 was 2.28 ± 0.17 mPa·s. The star fruit pulp is a fluid with a low soluble solids content, around 9 g per 100 mL [5] , compared to other fruits such as mango and pineapple, with a solids content of 16.60 g per 100 mL and 13.30 g per 100 mL [3] , respectively. As the rheological behavior is influenced by the suspended solids content [1, 2] , this can justify its Newtonian behavior.
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Applied Rheology Volume 16 · Issue 1 tric cylinder geometry, in ascendant and descendant shear rate. Statistical parameters were evaluated for four models fitted to experimental data: (1) where t is the shear stress (Pa), g · the shear rate (s -1 ), m the viscosity (mPa·s), t 0 the yield stress (Pa), K the consistency index (Pa·s n ), and n the rheological behavior index.
RESULTS AND DISCUSSION
As no hysteresis was observed during ascendantdescendat shear rates, the star fruit pulp is not a thixotropic or rheopectic fluid. Figure 2 illustrates its rheological behavior for the case of the pasteurized product that is stable at highest shear rates. However, instabilities were observed at low shear rates as shown in Fig. 3 , due to measuring equipment restrictions. Such instabilities were also observed for distilled water [11, 13, 14] .
Newton, Bingham, Power Law and Bingham-Power Law models were fitted on experi- Figure 4 shows the viscosity variation as a function of the shear rate for crude, enzymatically treated and pasteurized pulp. The Newtonian behavior is observed for the three pulps, with a different constant viscosity value for each one. The viscosity of 1.84 ± 0.12 mPa·s, found for the crude pulp, decreases to 1.22 ± 0.13 mPa·s after the enzymatic treatment. According to Whitaker [15] , commercial enzymes are mixtures of several enzymes such as cellulases, hemicellulases and other pectic enzymes. Among the pectic enzymes, polygalacturonases, pectin liases, pectin methyl esterases, rhamnogalacturonases and hydrolases, galactanases, glucanases, proteases and other enzymes degrade highly ramified pectin and make saccharides and proteins soluble in the plant cell walls. These enzymes also act on the middle lamellae, responsible for joining the cells, weakening the particle forming tissue. The vegetable tissue begins to soften at 55˚C, and the particle resistance to the flow decreases after this treatment. In Fig. 4 it is also observed that the viscosity increases from 1.22 ± 0.13 to 2.28 ± 0.17 mPa·s after pasteurization. The humid heat used in this process promotes swelling and water retention between the cellulose chains, increasing the volume of the suspended particles [16] . Besides, there is a solubilization of pectin in the pulp [17, 18] , resulting in higher values of soluble solids content, 8.90 in the crude pulp and 11.20 in the pasteurized pulp (Tab. 2). Both features contribute to the increase of the fluid viscosity. Homogenization is a process with the purpose to break large particles, promoting the formation of a system of particles of uniform size. The application of this operation to a processing system not only increases the soluble solids concentration, since it disintegrates particles and cells, but also the amount of the suspended solids. Figure 5 illustrates the homogenization influence on the viscosity of pasteurized star fruit pulp. Pasteurized pulp viscosity decreases as the homogenization intensity increases. Table 2 presents values of viscosity, soluble and insoluble solids content, and particle diameter for different homogenization intensities applied to crude, enzymatically treated and pasteurized pulp. It can be observed that homogenization did not influence the soluble solids content of the crude sample, being an unsuitable method to liberate significant amounts of solids inside the particles made of crude vegetable cells. The decrease of the suspension viscosity can be justified by the low comminution of the star fruit particles. The particle diameter, D p , is also presented in Tab. 2. Enzymes macerate the vegetable tissue [19] promoting a selective hydrolysis of the saccharides from the middle lamellae, composed mainly by pectin, preserving the tissue integrity [15] . During the enzymatic treatment concomitantly occurs: a) suspended particle softening with a decrease of flow resistance and viscosity, b) keeping of the particle size, and c) soluble solids content are maintained constant.
On the other hand, the thermal treatment cooks the vegetable tissue but it is not sufficient to degrade the particles. However, pectin is solubilized and stabilizes colloids and, as a consequence, an increase of the soluble solids content is observed. Stabilization is probably due to the charge equilibrium and is quickly destroyed by homogenization. Then, the soluble solids
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Applied Rheology Volume 16 · Issue 1 ±0.10 to 1.37 ± 0.13 mPa·s for samples under 22000 rpm for 5 min. It corresponds to a viscosity decrease of 23.4, 28.5, and 24.7%, respectively.
The concentration of the star fruit pulp up to 50% of its initial volume affected the viscosity. Table 4 shows the viscosities and soluble solids content of the concentrated, crude and pasteurized samples. Results showed that concentration to the half volume did not double the soluble solids content and it can be supposed that part of the solids pass to the insoluble phase due to the increase of concentration. Around 2.85 g, for the crude pulp, and 3.5 g, for the pasteurized pulp leave the solution. There is a significant increase of the insoluble solids, from 5.15 to 16 g 100mL -1 to the crude pulp, and from 2.85 to 12.7 g per 100mL to the pasteurized pulp, that seems to influence the viscosity increasing.
As the soluble solids content increase with the pulp concentration is lower than the insoluble solids content, there must be a smaller influence of both on viscosity. This is reinforced by the comparison of the non-concentrated crude and pasteurized pulp. In this case, by increasing the soluble solids content from 8.90 to 11.20 g per 100mL, viscosity increases just 0.44 mPa·s, from 1.84 mPa·s in the crude pulp, to 2.28 mPa·s in the pasteurized pulp. The concentration step includes a particle coarsening due to attraction forces forming agglomerates, in which water is confined [10] . This justifies the soluble solids content decrease in the solution. The Newtonian behavior presented by the star fruit pulp in this work is similar to natural orange juice [22 -24] , or clear grape juice [25] , and clarified cherry juices [26] .
CONCLUSION
Star fruit pulp presents low values of suspended solids, which is the most important factor responsible by the rheological behavior. The suspension after processing steps shows a Newtonian behavior, with R 2 values greater than 0.98. The enzymatic treatment reduced the viscosity by around 34% in relation to the crude pulp and
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Applied Rheology Volume 16 · Issue 1 decrease, being not influenced by the treatment intensity. Also the cells cohesion and hydrogen bonds are weakened [20] , cells separation is facilitated, resulting in lower particle sizes as the comminution intensity increases. The lower diameter found was for the enzyme treated and pasteurized pulp submitted to the homogenization of 22000 rpm for 5 min. These results are in accordance to Servais et al. [21] . Figure 6 shows the influence of filtration on the pasteurized pulp. Large particles (D p > 40 mm) withdrawal decreases viscosity by around 40%. Table 3 shows the homogenization effect on the viscosity and soluble solids content in crude and pasteurized, filtrated, homogenized pulp. Previous tests showed a high sediment amount for crude sample, probably due to the pectinesterase action on pectin. It builds precipitated, complex compounds in acidic medium with calcium. Filtration leaves out major particles, sedimented or suspended, resulting in a lower solids content (Tab. 3) compared to the non-filtrated sample (Tab. 2). The viscosity also decreases as comminution increases. Comparing Tabs. 1 and 2, it can be seen that viscosity of the pasteurized pulp decreases from 2.28 ± 0.17 to 1.75 ± 0.07 mPa·s when samples were filtrated (Fig. 6) . On the other hand, filtration causes a decreasing from 2.14 ± 0.10 to 1.53 ± 0.08 mPa·s for homogenized samples under 11000 rpm for 2 min, and from 1.82 decreased the pulp viscosity. Enzymes and pasteurization steps increased both suspended and insoluble solids contents, with a consequent increase of the viscosity. Homogenization influences the suspension viscosity by decreasing the particle size. It does not change the soluble solids of the crude sample, but decreases its viscosity due to the size particle diminution. Filtration resulted in suspensions with low solids content and lowest viscosity. It was also observed that the star fruit pulp concentration to 50% of the initial volume increased viscosity of the pasteurized pulp, but the behavior remained Newtonian.
